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§ 1. Peltier Current Lead for Alternative Current 
Mode 
Yamaguchi, S. (Chubu Univ.), 
Shimada, Ryu. (Tokyo lnst. Tech.) 
Peltier current lead (PCL) was proposed to reduce 
a heat leakage of the current lead for superconducting 
low temperature systems]). Numerical studies have 
been done to analyze the PCL 2) and also to fix the 
optimum design of the PCL 3). Peltier effect transfers 
the heat from low temperature side to high 
temperature side by the dc current. However, when 
we consider the electric application, alternative 
current is important and common in the present time. 
Therefore, we develop and study the Peltier current 
lead for alternative current mode. 
Figure 1 shows the alternative current PCL. In 
order to apply to the ac mode, the switching device is 
needed because when the current direction is reversed, 
the heat is transferred from high temperature side to 
low temperature side. The diode is used in the figure, 
and we can also use GTO, FET and other switching 
devices. Because of this constitution, the thermal 
conduction is doubled because there are two pairs of 
thermoelectric element. Peltier heat transfer is halved 
because the current can only flow in one 
semiconductor at any time, moreover, the wave form 
of the current is not constant and the half-wave 
rectified sine-curve. The frequency of the commercial 
power line is 50 to 60 Hz, however, the time constant 
of heat transfer is slow as compared with this 
frequency experimentally obtained4) therefore we can 
introduce the time average method to analyze this 
system. 
Experimentally the time constant of the heat 
transfer is almost 1000 time longer than that of 
the commercial frequency4), Therefore, we 
calculate the effective values of the current and 
heat flow for the system at first. Then we can 
evaluate the transport parameters, such as the 
Seebeck coefficient, the electrical resistivity and 
the thermal conductivity of the semiconductor. By 
this model, the effective current is half of the 
peak current. Thermal conductivity and electrical 
resistivity are the same, and the Seebeck 
coefficient is 2/n times that of the original. 
Examples of the calculation results are shown 
in figure 2. The dotted line shows the heat 
leakage in dc mode, and the solid line in half-
wave rectified current mode. We can conclude 
that the PCL is still effective even in HWDC 
mode. 
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Fig. 1. An concept of Alternative current PCL. 
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Fig. 2. Heat leakage versus current for dc mode 
and half-wave rectified current mode. 
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